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Description 

This invention relates to novel heterocyclic compounds and, more particularly, novel pyrrolo[2,3-d]pyrimidine d - 
rivatives which possess beneficial effects on the cardiovascular system, pharmaceutical compositions containing such 
5 a derivative as active ingredient, and processes for the manufacture of and medical use of the said derivatives. 

Although numerous compounds are known to have medically useful effects on the cardiovascular system, there 
is a need for agents which modulate the action of the sino-atrial node in warm-blooded animals such as man in a 
beneficial, selective and medically useful manner so that the agents are useful in treating cardiovascular disorders 
associated with an inappropriately elevated heart rate (that is by having a bradycardic effect) and yet have minimal 
jo effects on other haemodynamic parameters such as blood pressure or cardiac output. It is an object of the invention 
to provide such an agent which has inter alia bradycardic properties. 

Certain pyrimidine derivatives which are able to modulate the action of the sino-atrial node are reported in EP 
434,341 and EP 422,178. Pyrrolo[2,3-d]pyrimidine derivatives which are not substituted on either of the ring nitrogen 
atoms of the pyrimidine moiety are known. For example, a synthetic route to N-aryl-7-phenyl-7H-pyrrolo[2,3-d]pyrimi- 
is din-4-amines is described by Girgis et al (Chemica Scripta, 24, 73-79, 1 984); 7-phenyl-pyrrolo[2,3-d]pyrimidine deriv- 
atives are described as possessing analgesic, sedative, anti-convulsant and inflammatory activity in published German 
Patent Application No. 3,145,287; and 5,6-dimethyl-pyrrolo[2,3-d]pyrimidine derivatives are reported to be useful as 
analgesics, anti-inflammatory agents and CNS depressants in published German Patent Application No. 2,818,676. 
The synthesis of certain 3-aryl-3,7-dihydro'-4H-pyrrolo[2 l 3-d]pyrimidin-4-imines is reported by Jorgensen et al (Chem- 
20 jca Scripta, 23, 73-79, 1 984). The results from pesticide and anti-cancer screenings are also reported. 

According to the present invention there is provided a compound of formula I (set out hereinafter together with the 
other chemical formulae referred to herein), or a pharmaceutically-acceptable salt thereof, wherein: 

R 1 is hydrogen, (1 -8C)alkyl or phenyl(1 -4C)alkyl; 
25 R2 is (1 -6C)alkyl, phenyl(1 -4C)alkyl, (3-6C)cycloalkyl ( (3-6C)cycloalkyl(1 -4C)alkyl or phenyl; 

R 3 is hydrogen, (1-6C)alkyl, phenyl(1-4C)alkyl, (3-6C)cycloalkyl, (3-6C)cycloalkyl(l-4C)alkyl, phenyl or (3-6C)alke- 
nyl; 

R 4 and R 5 are independently selected from hydrogen and (1-6C)alkyl; 

30 and wherein the phenyl ring at position 7 and/or one or more of said phenyl or benzene moieties may optionally be 
unsubstituted or substituted by one or more substituents independently selected from halogeno, (1-4C)alkyl, (3-6C) 
alkenyl, (1 -4C)alkoxy, cyano : trifluorom ethyl, nitro, carboxy, (1 -4C)alkylamino, dialkylamino of up to six carbon atoms, 
(1 -4C)alkylthio, (1 -4C)alkylsulphinyL (1 -4C)alkylsulphonyl and (1 -4C)alkylenedioxy; 
but excluding those compounds in which the phenyl ring at position 7 is unsubstituted and 

35 

(a) R 1 , R 3 , R 4 and R 5 are methyl, and R 2 is ethyl; 

(b) R 1 is hydrogen, R 2 and R 3 are phenyl and R 4 and R 5 are methyl; 

( c) R 1 is hydrogen, R 3 R 4 and R 5 are meth yl and R 2 is phenyl, 3-or 4-meth ylphenyl, ^g^imethyjpji^ 

phenyl, 4-n-butylphenyi, 2-,3-or 4-fluorophenyl or 2- or 4~-chlorophenyl; and their pharmaceutically acceptable salts. 

40 

Within the specification it is to be understood that generic terms such as (1-6C)alkyl encompass both the straight 
chain and branched form. 

It will also be understood that when one of the substituents in the formula I compounds contains a chiral centre, 
the compounds of the invention may exist in, and be isolated in ; optically active or racemic form. It will also be understood 
45 that the compounds of formula I and their salts may exist in another tautomeric form to that depicted in formula I, or in 
a mixture of more than one possible tautomeric forms. The invention includes any tautomeric, optically active or racemic 
from of a compound of formula I which possesses the afore-mentioned beneficial pharmacological effects. 

A particular value for R 1 when it is alkyl is, for example, (1 -6C)alkyl, such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, pentyl or hexyl; more particularly (1-4C)alkyl such as methyl, ethyl, propyl, isopropyl, butyl, jso- 
50 butyl or sec-butyl, of which methyl is generally preferred. 

A particular value for R 1 when it is phenyialkyl is, for example, benzyl, 1-phenylethyl or 2-phenylethyl, of which 
benzyl is generally preferred. 

Particular values for R 2 when it is alkyl include (1-4C)alkyl, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl 
or sec-butyl, of which methyl is generally preferred. 
55 a particular value for R 2 when it is (3-6C)cycloalkyl-(1-4C)alkyl is, for example, (3-6C)cycloalkyl(l-2C)alkyl for 

example eye lop ropyl methyl, cyclopropylethyl, cyclobutylmethyl, cyclobutylethyl, cyclopentylmethyl, cyclopentylethyl, 
cyclohexylmethyl or cyclohexylethyl. 

A particular value for R 2 when it is phenyialkyl is, for example, benzyl, 1-phenylethyl or 2-phenylethyl, of which 
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AoarticufaTlal^ it is cycloalkyl is, for example, cyclopropyl. cyclobutyl. cyclopentyl or cyclohexyl. 

A particular value for R3 when it is alkyl is, for example. (1-4C)alkyl, for example, methyl, ethyl, propyl, isopropyl. 

butyl, isobutyl or sec-butyl: 

A particular value for R 3 when it is phenylalkyi is, for example, benzyl. 1 -phenylelhyl or 2-phenylethyl. 
A particular value for R3 when it is cycloalkyl is, for example, cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. 
A particular value for R 3 when it is (3-6C)cycloalkyl-(l -4C)alkyl is, for example, (3-6C)cycloalkyl(1 -2C)alkyl such 
as cyclopropylm thyl, cyclopropylethyl. cyclobutylmethyl. cyclobutylethyl, cyclopentylmethyl. cyclopentylethyl, cy- 
clohexylmethyl or cyclohexylethyl. . « ■ ^ 

A particular value lor R 3 when it is alkenyl is, for example, allyl. but-2-enyl, but-3-enyl. 2-methyl-2-propenyl or 

Pen A n particular value for R 4 and R* when they are alkyl is, for example, (1-4C)alkyl such as methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl or see-butyl. 

Conveniently, the phenyl ring at position 7 is unsubstituted or bears one or two substituents, and more conveniently 

is the phenyl ring is unsubstituted. ~ mtt wM ltM t* 
Conveniently, the phenyl or benzene moiety present in R 2 or R 3 is unsubstituted or bears one or two substituents, 

and more conveniently the phenyl ring or benzene moiety is unsubstituted ^ eitirtn 7 

Particular values for optional substituents (defined above) which may be present on the phenyl ring at position 7 

or a phenyl or benzene moiety include, by way of example: 

20 

for halogeno, fluoro, chloro and bromo; 

for alkyl, methyl ethyl and propyl; 

for alkenyl, allyl and 2-methyl-2-propenyl; 

foralkoxy, methoxy, ethoxy and propoxy; 
25 for alkytamino, methyiamino and ethylamino; 

for dialkylamino, dimethylamino and diethylamino; 

for alkylthio, methylthio and ethylthio; 

for alkylsulphinyl, methylsulphinyl and ethylsulphinyl; 

foralkylsulphonyl, methylsulphonyl and ethyls ulphony I; and 
30 foralkylenedioxy, m ethyl enedioxy and isopropylidenedioxy. 

It is generally preferred that R1 is alkyl, especially methyl. 
It is generally preferred that R 2 is alkyl, especially methyl. 
It is generally preferred that R 3 is alkyl, especially methyl. 
35 It is generally preferred that R 4 and R* are independently selected from hydrogen and methyl. 

Specific values for Ri include, for example, hydrogen, methyl, ethyl, propyl and hexyl; for Rfc methyl; for R 3 hy- 
droqen and methyl; for R 4 , hydrogen and methyl. 

— — ^one-embodiment 

alkyl or benzyl' R 3 is (1-6C)alkyl; R 4 and R 5 are independently selected from hydrogen and (1-4C)alkyl; and wherein 
the phenyl ring at position 7 and/or the phenyl moiety of the benzyl group is unsubstituted or is substituted by one or 
i SZts independently selected from halogeno, (1 -4C)alkyl, (3-6C)alkenyl, (1 -4C)alkoxy. ^ 
W^<***W- (1-4C)alkylamino. dialkylamino of up to six carbon atoms, (1.4C)alkytthio. (1 -4C)alkylsulph.nyl : 
(1-4C)alkylsulphonyl and (1 -4C)alkylenedioxy. 

Particular and preferred values are the appropriate values given above ■ 

Conveniently. W is (1-6C)alkyl. R 2 is (1-4C)alkyL R 3 is (1-6C)alkyl. R 4 and R* are independently selected from 
hydrogen and (1-4C)alkyl. and the phenyl ring at position 7 is unsubstituted or is substituted by one two, or three 
sJbstLnts independently selected from halogeno. (1-4C)alkyl. (3-6C)aikenyl, (V4C)alkoxy cyanc, trif uoromemyl 
nitre ! caLxy, (l4C)alky (amino, dialkylamino of up to six carbon atoms, (1 -4C)alkylthio, (^Oalkylsuiphinyl, (1-4C) 
alkylsulphonyland(1-4C)alkylenedioxy. 
so It is generally preferred that R 1 , R 2 and R 3 are each methyl. ^ Qrt u armaM1 

A group of compounds which are of particular interest comprises those compounds of formula I. or a pharmaceu- 

tically-acceptable salt thereof, wherein: 

Ri is hydrogen, (1-8C)alkyl or phenyl(1 -4C)alkyl; 

S SXen, (1-6C)alkyl, phenyl(1-4C)alkyl, (3-6C)cycloaikyl. (3-6C)cycloalkyl(1-4C)alkyl, phenyl or (3-6C)alke- 
nyl; 

R 4 and R 5 are indepentently selected from hydrogen and (1 -6C)alkyl; 
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and wherein th phenyl ring at position 7 and/or one or more of said phenyl or benzene moieties may optionally be 
unsubstituted or substituted by one or more substituents independently selected from halogeno, (1-4C)alkyl, (3-6C) 
alkenyl, (1 -4C)alkoxy, cyano, trifluoromethyl, nitro, carboxy, (1 -4C)alkylamino, dialkylamino of up to six carbon atoms, 
(1 -4C)alkylthio, (1 -4C)alkylsulphinyl,. (1 -4C)alkylsulphonyl and (1 -4C)alkylsulphonyl and (1 -4C)alkylenedioxy. 
5 Particular and preferred values for the various groups are the appropriate valu s defined abov . 

A further group of compounds of particular interest are those of formula I, or a pharmaceutically-acceptable salt 
thereof, wherein: 

R 1 is hydrogen or (1 -6C)alkyl; 
10 R2 is (i-4C)alkyl (especially methyl); 

R 3 is hydrogen or (1 -4C)aIkyl; 

R 4 and R 5 are independently selected from hydrogen and (1 -4C)alkyl (especially methyl); and wherein the phenyl 
ring at position 7 may optionally be unsubstituted or substituted by one or two substituents independently selected 
from halogeno (such as fluro, chloro or bromo), (T-4C)alkyl (such as methyl), and (1 -4C)alkoxy (such as methoxy); 
1$ but excluding the compound and its pharmaceutically-acceptable salts, in which R 1 , R 3 , R 4 and R 5 are each methyl, 

and R 2 is ethyl. 

Particular values are the appropriate values defined above. 

Compounds which are of particular interest include the compounds described in the accompanying Examples and 
20 are are provided as a further feature of the present invention. Thus the present invention also provides a compound 
of formula I which is selcted from: 

a.S-dimethyl^-methylimino^-phenyl-SHJH-pyrrolop^-dlpyrimidine: 
2,3 ( 5 ) 6-tetramethyl-4-methylimino-7-phenyl-3H.7H-pyrrolo-[2 ( 3-d]pyrimidine: 
25 a.S.S^-tetramethyM-imino^-phenyl-SHJH-pyrrolo-ta.S-dlpyrimidine: 
2,3,5,6-tetramethyM-n-propy 

2,3,5,6-tetramethyl-4-ethylimino-7-phenyl-3HJH-pyrrolo-[2,3-d]pyrimidine; 

2 ) 3,5,6-tetramethyl-4-n-hexylimino-7-phenyl-3H 1 7H-pyrrolo-[2,3-d]pyrimidine; 

3,5,6-trimethyl-4-imino-7-phenyi-3H,7H-pyrrolo-[2,3-d]pyrimidine; 

30 

or a pharmaceutically-acceptable salt thereof. 

The present invention includes salts of the compounds of formula I, and hence the present invention encompasses 
quaternary pyrimidinium salts of the compounds of formula I Suitable salts include those prepared by reaction of a 
compound of formula I with an acid which affords a physiologically acceptable counter anion (Y"). for example, halide 
35 (such as chloride, bromide or iodide), sulphate : nitrate, and trifluoroacetic. 

The compounds of the invention may be obtained by standard procedures of organic chemistry already known to 
be applicable to the preparation of structurally analogous compounds, for example those procedures described in 
standard reference works and on the chemistry of the heterocycles and reviews of the chemistry of pyrrolopyrimidines 

-(sWforexample-Synthes^^^ 

40 are provided as a further feature of the invention and are illustrated by the following preferred processes in which the 
various generic radicals have any of the meanings defined hereinbefore:- 

(a) A compound of formula II (In which the phenyl ring at position 7 is suitably substituted) is reacted with an 
alkylating agent. 

45 

In formula II, the various groups R 1 , R 3 R 4 and R 5 may take any of the meanings defined above for the compounds 
of formula I, and the phenyl ring at position 7 may suitably be substituted. 

Suitable alkylating agents include compounds of the formula R 2 Z, wherein Z is a suitable leaving group. A preferred 
value of Z is, for example, halide (especially iodide, bromide or chloride), sulphate and p-toluenesulphonate. In the 
so case where R 2 is a methyl group, the alkylating agent is preferably dimethyl sulphate. 

The reaction is generally carried out by heatingthe alkylating agent with the compound of formula II at a temperature 
of, for example, 40-1 20°C and is conveniently carried out in a suitable solvent, for example, in an ether such as dioxane, 
tetrahydrofuran or t-butyl methyl ether. 

The compounds of formula II, (in which the phenyl ring at position 7 is suitably substituted), particularly when R* 
ss and R 4 are hydrogen, may be prepared, for example, by the route shown in Scheme A. Suitable reaction conditions 
for the various stages are indicated in Scheme A, and in Example 1 of the accompanying examples. 

The compounds of formula II may also be prepared by the reaction of a compound of formula VII (in which the 
phenyl ring at position 7 is suitably substituted) with phosphorous oxychloride and then the appropriate amine of formula 
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R1N H 2 using, <or example, simi.^ 

to those of formula I. Compounds of formula II may ^^^^ P hydrochloride of formula 

o, phosphorous P-toxide. N .N^^^ ^SpoundTof formula VI. maybeprepared 

R1NH 3 *CI- (as described by G.rgis etal, Chem.ca Scripta. Z£, ii t». i^j JL Hute(fl in a mixtur of phosphorous 
by heating a compound of formula III (in which t e *"J^*^ ST!$S? 1W4. 10M04). 
pentoxide, N.N-dimethylcyclohexylamine and water ^.J^^^t^Luutod, may also be prepared 
The compounds of formula II (in which Scripta 1 988. 28, 303-305; 

Z£h^^ 

formula R 1 NH 2 . 

"S'S- * oen.,a«, carried out a, -^-^^jffiSr 

p.es.nee ol a Me solve™ or al " w, ^,^taCno (especially ehlorcor bromo). dichbrophosphinoyl 
A particularly suiBbl, leaving oroup X ,s lor «arnp ^ conveniently be introduce fi * by the 

i ri c ot«.r^r;— &?.^-^-^-~-«-*----^ 

mide, respectively. _ D hosphorous oxychloride or oxybromide as appro- 

^:'S=~ s:™^. be,o,e * ... - — 

"'Tie pr,,.,,.d tha, a expound o, torn* V * reacted w«h phosphorous o^e. convent, - heating. 

followed by an amine of formula R 1 NH 2 . etanHf ,rd nrocedures for example using the route illustrated 

The pyrimidinones of formula V. may be obtuned by standa* I proc edure* P g ^ ^ 

in Scheme B. Suitable reaction conditions for the various stages are indicated 



40 



45 



50 



55 



hydroxide, in a suitable sovent such as jethanol ^ may fae conveniently be reacted 

anion; or another conventional method. ronllirsd it mav be obtained from a salt of a compound of 

When the non-ionb base form of a compound of is ^"^^^^ ammoniu m hydroxide groups, 
tormula I. for example, by reaction with a macr0 . r *'^ of formula I in an aqueous 

either prior to or immediately following process « * ^^^^^L of ni , ro or halogeno, reductive alkylation 

reaction irdilion. .0. such procedure, a,, well known in the «l art. 

Man, ol the ch.mio.1 Mermediales ref. nedtol here-, »° „ ieSi snd hence the present In- 
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As indicated above, the compounds ol the invention possess useful pharmacological properties and modulate the 
action omeino-atrial node in warm-blooded animals in a beneficial, selective and medical* use ful, manne r so that 
mragents are useful in treating cardiovascu«ar disorders associated with an inappropriate* e evated heart rate and 
with minimal effects on other haemodynamic parameters such as blood pressure or cardiac < jutput : 

Thus, according to the present invention there is also provided the use of a compound of formula I _ a s^ he^n 
defined) o*a pharmaceutically-acceptable salt thereof . in the manufacture of a medicament for treating card.ovascular 
disorders in warm-blooded mammals, such as man. M ;, Bin „ „„„„ r mnroof the 

The beneficial and selective effects of the cardiovascular system may b demonstrated us.ng one or more of the 
following standard laboratory techniques. 

a) Bradycardic effect (reduction In beating rate of the spontaneously beating Isolated guinea pig right atrium). 

This technique involves the dissection of the right atrium from a guinea pig heart, taking care not to damage the 
sino-atrial node region. The atrium is established in oxygenated (95% Q 2 ; 5% C0 2 ) Tyrode's solution conta mg aog 
NaCI 0 19q KCI 0 025g MgCU, 0.05g NaH 2 P0 4 , 1.0g NaHCOg. 0.2g CaCI, and 2.7g glucose, per htre of de.omsed 
wafe rl bZen w6 plSnum spikes which Ire connected via an amplifier to a conventional rate-rneter, tnggered by 
Thea ionprn S 

and allowed to equilibrate for 30 minutes before the addition of a solution of the test compound in a mature of d^emyl 
sulphoxide and Cremophor EL, diluted as required with Tyrode's solution. Further solut.ons of <« ™^<" »" 
added cumulatively at 15 minute intervals or when a steady-state beating rate has been a tamed L Th» enaW l^anl IC* 
te Xhe micromolar concentration required to reduce the beating rate by 20%) to be calculated. Typically, a compound 
of formula I will have an IC 20 of 10 micromolar or less. 

b) Effect on contractile force of electrically stimulated isolated guinea pig left atrium. 

This technique involves the dissection of the left atrium from a guinea pig heart into oxygenated ^^i™ 
The atrium is then clamped in a polyacrylate plastic holder containing two stainless steel stimulating electrodes. The 
Z e Ztheatrium (normal.y th'e atriaf appendage) is attached with silk thread to an ^^SSS^i 
atrium is then set under a resting tension of 1 g and is allowed to equilibrate ,n oxygenated Ty »^ 
minutes before being stimulated into beating by application of 2.5 Hz. 3 mS pulses at 1.5 times he threshold vdtoge 
Zmally in the range 3-7 V). A solution (10* M or less) of the test compound [made up essentially as n (a) above 
but us2 physiological saline solution in place of Tyrode's solution] is then added and the effec t onoqnM^ 
measured In this way a comparison of the effect with that of a control solution without any test compound can be 
^^■^7^>oJ^.fn the range 1 -30 micromolar compounds of the formula I show <1 5% reduction 
3S in contractile force. 

c) Bradycardlc effect In the anaesthetised rat 

This technique involves the use of Wistar rats (Alderley PTOTn^ch^reTr^ 
injection of alphaxalone/ alphadalone (1 .5ml per kg). A polyethylene cannula is inserted .nto the jugular ve n and an- 
Sesia s maintained by infusion of alphaxalone/alphadalone at a rate of 0.025-0.12 ml per kg per minute A poly- 

hy^ 

saline solution The arterial blood pressure signal is used to trigger an internally calibrated heart rate meter and the 
£u^J£Ld with a mercury manometer. The output of the heart rate meter and of the pressure t^nsducer 
a ?e hen recorded simultaneously on a standard chart recorder. After cannulation, *• J-P^"*™ • Jjj^-- 
stabilise for 10 minutes. A solution ol a test compound [made up as in (a) above, in a volume of 1ml per kg] is then 
tSZ ^JSetnous cannula in four cumulate doses separated by 5 minute -^7^^^^ 
used for each test compound. The effects on heart rate and blood pressure may then be determined in comparison 

with T ;^ 

" cardiovascular system, such as P*^™^^ 

adverse e«e I ™ heart taSe. blood pressure and or cardiac output, may also be determined in anaesthetised dogs 
^d£^^£SU* has been induced by exercise. In general, the compounds of the invent^ .show 
«ant and predominantly selective bradycardic elfects as evidenced by activity .n at least two of the above men 
«onf Jtest No overt toxicity is generally observed wfth the compounds of formula I in the above in yjyo test 

techniques at doses several multiples.of those at which significant bradycardic effects we ••en . 

By way of illustration, the compound described hereinafter in Example 1 had an IC 20 of <1X10 6 M « procedure (a) 
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and had an ED30 of 1 .2mg/kg Lv. for reduction of heart rate in procedure (c). Other compounds of formula I exemplified 
hereinafter will in general show activity of the same general order. 

When used in the treatment of diseases of the cardiovascular system, such as myocardial ischaemia affecting 
warm-blooded animals (and in particular man), it is envisaged that a compound of formula I will be administered orally, 
5 intravenously or by some other medically acceptable route (such.as by inhalation, insufflation, sub-lingual or transder- 
mal means) so that a dose in the general range, for example, 0.01 mg to 1 0 mg per kg body weight is received. However, 
it will be understood that the precise dose administered will necessarily vary according to the nature and severity of 
the disease and the age and sex of the patient being treated. 

In general, the compounds of formula I (or the related pyrimidinium salts) will usually be administered in the form 
10 of a pharmaceutical composition, that is, together with a pharmaceutical^ acceptable diluent or carrier. Thus, the 
present invention also provides a pharmaceutical composition which comprises a compound of formula I (as herein 
defined), or a pharmaceutically-acceptable salt thereof, in association with a pharmaceutically-acceptable diluent or 
carrier. 

A composition of the invention may be in a variety of dosage forms. For example, it may be in the form of tablets, 

1$ capsules, solutions or suspensions for oral administration; in the form of a suppository for rectal administration; in the 
form of a sterile solution or suspension for administration by intravenous or intramuscular injection; in the form of an 
aerosol or a nebuliser solution or suspension, for administration by inhalation; in the form of a powder, together with 
pharmaceutical^ acceptable inert solid diluents such as lactose, for administration by insufflation; or in the form of a 
skin patch for transdermal administration. The compositions may conveniently be in unit dose form containing, for 

20 example, 5- 200 mg of the compound of formula I. 

A composition may be obtained by conventional procedures using pharmaceutical^ acceptable diluents and car- 
riers well known in the art. Tablets and capsules for oral administration may conveniently be formed with a coating, 
such as an enteric coating (for example, one based on cellulose acetate phthalate) to minimise dissolution of the active 
ingredient of formula I in the stomach or to mask unpleasant taste. 

2S The compositions of the invention may also contain one or more agents known to be of value in the diseases or 

conditions of the cardiovasculature intended to.be treated. Thus, they may contain, in addition to the compound of 
formula I, for example, one or more other known agents selected from platelet aggregation inhibitors, prostanoid con- 
strictor antagonists or synthase inhibitors (such as thromboxane Ag antagonists or synthase inhibitors), cyclooxygenase 
inhibitors, hypolipidemic agents, anti-hypertensive agents (such as an angiotensin converting enzyme inhibitors, renin 

30 inhibitors or angiotensin antagonists), inotropic agents, (3-adrenergic antagonists, thrombolytic agents, vasodilators 
and calcium channel antagonists. 

In addition to their use in therapeutic medicine, the compounds of formula I are also useful as pharmacological 
tools in the development and standardisation of test systems for the evaluation of the new cardiovascular agents in 
laboratory animals such as cats, dogs, rabbits, monkeys, rats and mice. 

35 The invention will now be illustrated by the following non-limiting Examples in which, unless otherwise stated: - 

(i) evaporations were carried out by rotary evaporation in vacuo ; 
(ii) o perations were carried out at room temperature, that is in the rang e 18-26°C; , 

(iii) flash column chromatography was performed on silica get (Merck Kieselgel Art. 9385, obtained from E Merck, 
40 Darmstadt. Germany); 

(iv) yields are given for illustration only and are not necessarily the maximum attainable by diligent process devel- 
opment; 

(v) proton NMR spectra were normally determined at 200 MHz in deuterated chloroformas solvent, using tetram- 
ethylsilane (TMS) as an internal standard, and are expressed as chemical shifts (delta values) in parts per million 

45 relative to TMS using conventional abbreviations for designation of major peaks: s. singlet; m. multiplet; t, triplet; 

br, broad; d.doublet; 

(vi) alt end-products were characterised by microanalysis, melting point (m.p.) and NMR: and 

(vii) conventional abbreviations are used for individual radicals and recrystallisation solvents, for example, Me = 
methyl, Et = ethyl, Pr = Propyl, Pr* = isopropyl, Bu = butyl, Bu j = isobutyl, Ph = phenyl; EtOAc = ethyl acetate. E^O 

so = ether, MeCN = acetonitrile, MeOH = methanol, EtOH = ethanol, PrOH = 2-propanot, H 2 0 = water. 

Example 1 

2,3-dimethyl-4-methvlimino-7-phenvl-3H.7H-pvrrolo-r2,3-dlpyrimidine 

55 

A mixture of 2-methyl-4-methylamino-7-phenyl-7H-pyrrolo-[2.3-d]pyrimidine (0.5g. 2.1mM) and dimethyl sulphate 
(0.8g, 6.3mM) in dioxan (15ml) was heated under reflux for 1 8 hours. The mixture was cooled and then the solvent 
was removed by evaporation. The residue was purified by flash chromatography on ICN neutral alumina (32-63) using 
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methylene chloride which contained an increasing amount of methanol (up to a maximum of 5%) as eluant to give a 
solid. This solid was recrystallised Irom hexane to give 2,3-dimethyl-4-methylimino-7-phenyl-3H,7H-pyrrolo[2 : 3*d] py- 
rimidine as a white solid (126mg), m.p. 160-161 °C; microanalysis, found: C, 71.2; H.5.9; N.22.0%; C 14 H 14 N 4 requires 
C.71.4; H. 6.3; N, 22.2%; NMR 
5 2.48(3H l s i C-CH 3 ) ! 3.48 (3H,s,N-CH 3 ), asSfSH.s.N-CHa), 6.90(1 H.d.CH), 6.97(1 H,d,CH). 7.34(1 H, complex, aromat- 
.ic),7.47(2H, complex, aromatic), 7.60(1 H, complex, aromatic). 

[Note : the site of alkylation was confirmed by conventional Nuclear Overhauser studies]. 

The starling material was prepared as follows: - 

10 a) A mixture of triethyl-1,1,2-ethanetricarboxylate (20ml, 87mM) and acetamidine hydrochloride (8.22g, 87mM) 

was added to a solution of sodium methoxide (9.4g, 1 74mM) in dry methanol (1 00ml). The mixture was heated at 
90°C for 1 5 hours. The solvent was evaporated and the residue dissolved in water (150ml). The pH of the solution 
was adjusted to pH6 using concentrated hydrochloric acid. The resultant precipitate was collected by filtration, 
washed with water and then acetone, to give 4,6-dihydroxy-2-methylpyrimidine-5-acetic acid, methyl ester as a 

is white solid (11.85g, 68.8%), m.p. >270°C; microanalysis, found: C.48.5; H, 5.1; N, 14.1%; C 7 H e N 2 0 4 requires C, 

48.3; H.5.1; N, 13.8%; NMR: NaOD; 2.45(3H, s, pyrimidine-CH 3 ), 3.57(2H,s.CH 2 ), 3.87(3H,s,OCH 3 ). 

b) A mixture of ^e-dihydroxy^-methylpyrimidine-S-acetic acid! methyl ester (10.5g, 53mM) and phosphorus ox- 
ychloride (52ml, an excess) was heated under reflux for two hours. The excess phosphorus oxychloride was re- 
moved by distillation under reduced pressure and the residue dissolved in methylene chloride (75ml). This solution 

20 was tipped cautiously into cold water (200ml) and the layers separated. The aqueous phase was extracted with 

methylene chloride (2 x 50ml). The organic extracts were combined, dried, and the solvent was evaporated to give 
crude 4,6-dichloro-2-methylpyrimidine-5-acetic acid, methyl ester (10.32g, 62%) which was used without purifica- 
tion for the next synthetic stage. A sample of crude material (obtained from a repeat preparation) was purified by 
flash column chromatography to yield a solid with m.p. 67-68 6 C; microanalysis, found; C.40.9; H, 3.2; N, 11.7%; 

25 C e H 6 N 2 CI 2 02 requires C,40.9; H,3.4; N, 11.9%; NMR: 

2.7(3H,s l pyrimidine-CH 3 ) 1 3.76(3^5,00^), 3.94(2Ks,CH 2 ). 

c) A mixture of 4,6-dichloro-2-methylpyrimidine-5-acetic acid, methyl ester (8.5g t 36mM) and aniline (4.7g, 49mM) 
was heated at 50°C for 13 hours. Methylene chloride (300ml) was added to the cooled mixture and the mixture 
filtered. The filtrate was washed with 2M hydrochloric acid (1 x 1 70ml, 1 x 85ml) and water. The organic layer was 

30 separated, stirred with 2M sodium hydroxide (110mt) and then separated. The aqueous layer was extracted with 

methylene chloride (2 x 85ml). The organic layers were combined, washed with water, dried over anhydrous mag- 
nesium sulphate and the solvent evaporated to afford a solid. This solid was purified by flash column chromatog- 
raphy on silica (Merck 9385), eluting with ethyl acetate/hexane (20:80 v/v) to give 4-anilino-6-chloro-2-methylpy- 
rimidine-5-acetic acid, methyl ester (3.92g, 48.6%), m.p. 115-116°C; microanalysis, found; C57.7; H, 4.5; N, 

36 14.2%; C 14 H 14 N 3 0 2 requires C, 57.6; H, 4.8; N. 14.4%; NMR: 

2.53(3H,s ; 2-CH 3 ), 3.79(3H,s, COOCH 3 ), 3.80(2H,s,CH 2 ) 1 7.05-7.65(5H, complex, aromatic), 7.9- 8.0 (1H, broad, 
N-H). . 

d)~A - mixtureof"4-anilino i 6-chloro-2-methylpyrimidine-5-aceticacidrmethyl ester-(5;0g : -17.2mM) and.benzylmeth^. 

ylamine (2.22ml, 1 7.2mM) was heated at 1 60°C for 3.5 hours. The mixture was cooled and then partitioned between 

40 methylene chloride (50ml) and 2M hydrochloric acid (50ml). The organic layer was separated, washed with a 

solution of sodium hydroxide (2M ; 50ml), water, dried and the solvent evaporated. The residue was purified by 
flash column chromatography on silica (Merck 9385), eluting with ethyl acetate/hexane (20:80, v/v) to give 4-(N- 
benzylmethylamino)-2-methyl-6-oxo-7-phenyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine (2.64g, 44.6%) m.p. 
81-84°C; microanalysis, found; C, 73.0; H, 6.0; N, 16.3%; C 21 H 20 H 40 requires C, 73.3; H, 5.8; N, 16.3%; NMR: 

45 DMSOde: 2.3(3H, s. pyrimidine-CH 3 ), 3.2(3H,s,N-CH 3 ), 3.95(2H,s,COCH 2 ), 4.85(2H,s,N-CH 2 ), 7.2-7.55(10H, 

complex, aromatic). 

e) A solution of 1M BH 3 THF complex in tetrahydrofuran (10.4ml, 9.2mM) was added dropwise, under an atmos- 
phere of argon, to a stirred mixture of 4-(benzylmethylamino)-2-methyl-6-oxo-7-phenyl-5,6-dihydro-7H-pyrrolo- 
[2,3-d]-pyrimidine (1.6g, 4.6mM) in dry tetrahydrofuran (105ml). The mixture was stirred at ambient temperature 

so for 24 hours. The mixture was then added to 2M hydrochloric acid (100ml), the pH was adjusted to about pH7 
using concentrated sodium hydroxide and then extracted with ethyl acetate (2 x 200ml). The organic layers were 
combined, dried and the solvent evaporated. The residue was purified by flash column chromotography on silica 
(Merck 9385). using a mixture of methylene chloride: hexane: ethyl acetate (10:8:1 ) as eluant to give 4[N-benzyl- 
. methylamino)-2-methyl-7-phenyl-5,6-dihydro-7H-pyrrolo-[2,3-d]-pyrimidine in the form of a pure solid with m.p. 

ss 1 05-1 06°C; microanalysis, found; C ; 75.5; H, 6.7; N, 16.8%; C 21 H22N 4 .0.2H 2 0 requires C, 75.6; H, 6.9; N, 16.8%. 

NMR: 2.47(3H,s.pyrimidine-CH 3 ), 3.14(3H,s,N-CH 3 ), 3.21(2H,t,N-CH ? -CH ? -), 3.91(2H,t,N-CH 2 -CH 2 -) ) 4,18(2H,s t 
N-CH 2 Ph), 6.99(1 H,t,aromatic), 7.23-7.47(7H, complex, aromatic), 7.73(2H,d,aromatic); and a crude solid. The 
material was combined and used without further purification in the subsequent stage of th synthesis. 
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A mixture ol 4[N-benzylmethylamino)-2-met^ from a repeat 

preparation (3.64g), ammonium formate (4.5g, approximately 2 Mol equivalents), 10% palladium on charcoal (0.38g) 
and absolute ethanol (150ml) was stirred at ambient temperature for 5 minutes and then heated under reflux for 22 
hours. The mixture was cooled and. the catalyst removed by filtration through diatomaceous earth. The filtrate was 
5 concentrated by evaporation of the volatile material, and the residue was purified by flash column. chromatography on 
silica (Merck 9385) using ethyl acetate/hexane (20:80 v/v) followed by methanol/methylene chloride (5:95 v/v) as elutant 
to give a colourless syrup (1 ,73g) which was used without further purification in the subsequent stage of the synthesis. 

A mixture of the colourless syrup (1.73g), 30% palladium on charcoal (0.1 7g) and diphenyl ther (5ml) was heated 
under reflux for 15 minutes. The mixture was cooled. The catalyst was removed by filtration through diatomaceous 
10 earth and the filtrate concentrated by evaporation of volatile materials to afford a solid. This solid was purified by 
recrystallisation from ethyl acetate/hexane (1:1 v/v) to give 2-methyI-4-methylamino-7-phenyl-7H-pyrrolo-[2 1 3-d] pyri- 
midine (1.37g) m.p. 202-203°C, microanalysis, found: C, 70.5; H, 5.9; N, 23.4%; C 14 H 14 N 4 requires: C, 70.6; K 5.8; 
N : 23.5%; 

NMR: 2.49(3H,s,pyrimidine-CH3) : 3.07(3H,d,NHCH 3 ), 6.72(1 H,d,N-CH=CH-) r 7.24(1 H,d : N-CH=CH-), 7.30(1 H,t,aro- 
matic). 7.2-7.3(1 H, broad, NH), 7.48(2H,t,aromatic), 7.88(2H,d.aromatic). 

Example 2 

2,3-dimethyl-4>methvlimino-7-phenvl-3H,7H-pvrrolof2,3-d1 pyrimidine hydrochloride 

20 

Hydrogen chloride gas was passed into a solution of 2,3-dimethyl-4-methylimino-7-phenyl-3H,7H-pyrrolo[2,3-d] 
pyrimidine in hexane to give a precipitate. The precipitate was collected by filtration and dried to afford 2 t 3-dimethyl- 
4-methylimino-7-phenyl-3H,7H-pyrrolo[2,3-d] pyrimidine hydrochloride as a solid, mp 257-258°C 

25 Example 3 

2,3 1 5 1 6-tetramethvl-4-methvlimino-7-phenvl-3H-7H-pvrrolo-[2,3-d1pvrimidine 

A mixture of 2 J 3 ) 5 i 6-tetramethyl-7-phenyl-3H J 7H-pyrroto-[2 1 3-d]pyrimidin-4-one (o.4 g, 1 .5 mM) and phosphorous 

30. oxychloride (3 ml) was heated at 95°C for three hours. The mixture was cooled and the phosphorous oxychloride 
removed by distillation under reduced pressure. The last traces were removed by azeat roping with toluene (2 x 100 
ml). The residue was dissolved in ethanol (5 ml) and 33% methylamine in ethanol (4.5 ml) was then added dropwise 
with cooling. The mixture was then stored at ambient temperature for 1 .5 hours and the solvent was then removed by 
evaporation. The residue was partitioned between saturated sodium carbonate solution and methylene chloride. The 

35 organic layer was separated and the aqueous re-extracted with further methylene chloride (x 2). The combined organic 
extracts were treated with decolourising charcoal and dried over anhydrous magnesium sulphate. After filtration and 
removal of the solvent by evaporation the residual solid was triturated with boiling n-hexane (3 x 100 ml). The solvent 

was evaporated to give a solid which was recrystallised from n-hexane. There was thus obtained 2,3,5,6-tet ramethyl- 

4-methylimino-7-phenyl-3H.7H-pyrrolo-[2 ) 3-d]pyrimidine (174 mg, 41.4% yield) as a white solid, m.p. 132^133°c:T 

40 microanalysis, found: C, 72.8; H, 7.0; N, 20.2%; C l7 H2oN 4 requires C, 72.8; H, 7.19; N, 20.0%; NMR: CDCI 3 : 2.05-2.1 
(3H, s. CH 3 ), 2.3-2.4(6H, d, 2 x CH 3 -pyrrole), 3.5(3H, s, N-CH 3 ), 7.2-7.55(5H, complex, aromatic). 
The starting material was prepared as follows: - 

A mixture of 2 t 5,6-trimethyl-7-phenyl-3H,7H-pyrrolo-[2,3-d]pyrimidin^4-one (1 .46 g, 5.8 mM) (N S Girgis et al, Syn- 
thesis, 1985, p101-104). A mixture of potassium hydroxide flake (327 mg, 5.8 mM) and methyl iodide (0.54 ml, 8.7 

45 mM) in ethanol (37 ml) was heated under reflux for 1 5 hours. A mixture of methyl iodide (0.5 ml) and potassium hydroxide 
flake (0.3 g) was added and the reaction mixture heated under reflux tor a further 3 hours. The solvent was evaporated 
and the residual solid suspended in water. The solid was collected by filtration and washed with water to give 2,3,5,6-te- 
tramethyl-7-phenyl-3H,7H-pyrrolo-[2,3-d]pyrimidin-4-one (1.21 g, 78.5% yield) as a light foam solid, m.p. 215-217°C; 
NMR: DMSO-d 6 2.0-2. 1(3H, s. CH 3 ) ( 2.3(3H : s, pyrrole CH 3 ), 2.4(3H, s, pyrrole- CH 3 ), 3.4-3.5(3H, s, N-CH 3 ), 7.3-7.6 

50 (5H, complex, aromatic). 

Examples 4-7 

The procedure described in Example 3 was repeated using 2.3 1 5 ) 6-tetramethyl-7-phenyi-3H,7H-pyrrolo-(2,3,-d) 
55 pyrimidin-4-one and the appropriate substituted amine in place of methylamine . There was thus obtained the following 
compounds of formula I (R 2 =R 3 =R 5 =R 4 = methyl). 
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5' 



Example 




Recryst solvent 


M.Pt(°C) 


Yield (%) 


4 


H 


Hexane 


207-209 


26.8 


5 


n-propyl 


Hexane 


106-109 


26.6 


6 


ethyl 


Hexane 


135-137 


33.3 


7 


n-hexyl 


Hexane 


124-125 


45.8 



10 



15 



20 



Example 8 

The procedure described in Example 3 was repeated using 3,5,6-trimethyl-7-phenyl-3H.7H-pyrrolo-[2.3-d]pyrimi- 
din-4-one (in place of 2.3.5,6-tetramethyl-7-phenyl-3H,7H-pyrrolo-[2,3-d]pyrimidin-4-bne) and ammonia (in place of 
methylamine) There was thus obtained S.S.e-trimethyM-imino^-phenyi-SHJH-pyrrolo-^.S-dlpyrimidine -[2,3-d]pyn- 
midine as a white solid m.p. 137-188°C: 40.2% yield; microanalysis, found: C, 71.4; H, 6.3: N. 22.5; C 1S H 16 N 4 requires 
C.71.4; H, 6.39; N, 22.2; NMR: CDCI 3 : 2.5(3H, s, CH). 2.4(3H. s, CH 3 ). 3.5-3.6(3H, s, N^H 3 ). 7.2-7.35(2H. complex, 
C-H and aromatic proton), 7.4-7.6(4H, complex, aromatic), NMH not observed. . . 

~ 'The starting material was prepared as described in Example 3 by the alkylation with methyl iodide of 5.6-d.methy - 
7-phenyl-3H,7H-pyrrolo-[2,3-d]pyrimidin-4-one (see US Patent 4,229,453). There was thus obtained 3,5.6-tr.rnethyl- 
7-phenyl-3H-7H-pyrrolo-[2,3-d]pyrimidin-4-one (62.4% yield) m.p r 207-208'C; microanalysis, found: C, 71.0; H^2, 
N, 16.3%; C15H15N3 requires C, 71.1; H, 5.97; N, 16.6%; NMR: CDCI 3 ; 2.1 (3H. s, CH 3 ). 2.4-2.5(3H, s, CH 3 ), 3.5-3.6 
(3H, s, N-CH 3 ). 7.25-7. 6(5H, complex, aromatic), 7.7-7.8(1 H, s, C-H). 
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Example 9 

The following illustrate representative pharmaceutical dosage forms containing a compound of formula I. or an 
alternative non-toxic salt thereof, which may be used for therapeutic or prophylactic purpose in humans:- 





(a) 


Tablet 


mg/tablet 


30 
35 




Compound X 
Lactose Ph. Eur 
Croscarmellose sodium 
Maize starch 

Polyvinylpyrrolidone (5% w/v paste) 
Magnesium stearate 


50 
223.75. . 

6.0 
.15.0 

2.25 

3.0 




(b) 


Capsule 


mg/capsule 


40 




Compound X 
Lactose Ph.Eur 
Magnesium stearate 


10 
488.5 
15 



45 



SO 



-Compound X" stands for a typical compound of the formula I or an alternative non-toxic salt thereof such as is described 

in the preceding Example herein. 

The above formulations may be obtained by conventional procedures well known in the pharmaceutical art. The 
tablets may be coated by conventional means, for example to modify dissolution/disintegration characteristics or im- 
prove payability or stability. For example, a coating of cellulose acetate phthalate may be applied to the teblets to 
provide a formulation which predominantly releases the majority of the active ingredient in or near the lower alimentary 
tract. 



55 



10 



EP 0 482 804 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



&0p 



SCHEME A 



co A Me. 







"ica ^ents an d "conditions — 

(i) NaOHe, methanol, heat 

(ii) POCI3 (excess), reflux 

(iii) aniline (appropriately 
substituted) 

(iv) BZ.NH, heat 
R 1 

(v) IM BHj.THF complex in THF 

(vi) ammonium formate, 10% Pd'C, 
ethanol, reflux 

(vii) 30X Pd/C, diphenyl ether, reflux 
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—^^^ , „ Na0ME> methanorTheat 

f? (ii) P0C1 3 (excess), reflux 

■ (iii) aniline (approximately 

(w) 

^ substituted) 
(iv) heat 




(v) IM BH^.THP complex, THF 

(vi) 2NHC1, ethanol, reflux 

2 

(vii) KOH, ethanol, R I 
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CHEMICAL FORMULAE CONT'D 
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Claims 

1. a compound of formula I 



10 



75 



20 



25 




30 



3$ 



4-ethylphenyl, 3-trifluoromethyl, 4-n-butylpnenyi, 
maceutically acceptable salts. 



40 



45 



A compound as claimed in claim 1 wherein: _ _ 1 . phe nylethy. 



so butyl; 



55 
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alkvl or benzyl- R 3 is (1-6C)alkyl: R* and R* are independently selected trom hydrogen and (1-4C)alkyl; and 
wherein the phenyl ring at position 7 and/or the phenyl moiety of the benzyl group is unsubstituted or is substituted 
o^onTor more subsmuente independent^ selected from halogeno, (1-4C)a.kyl. (3-6C)alken y i, 
ano, trifluoromethyl, nitro, carboxy. (1 -4C)alkylamino, dialkylamino of up to six carbon atoms, (1 -4C)alkylth,o, 
(1-4C)alkylsulphinyl, (l-4C)alkylsulphonyl and (1 -4C)alkylenedioxy. 

4 A compound as claimed in claim 1 or 2 wherein: R 1 is hydrogen or (1 -6C)alkyl; R* is (1 -4C)alkyl; R 3 is hydrogen 
' or (1 -4C)alkyr R 4 and R* are independently selected from hydrogen and (1 -4C)alky I; and wherein the phenyl ring 
at position 7 may optionally be unsubstituted or substituted by one or two substituents independently selected from 
halogeno, (l-4C)alkyl, and (1 -4C)alkoxy. 



5. A compound of formula I 



or a pharmaceutically-acceptable salt thereof, wherein: 
R 1 is hydrogen, (1-8C)alkyl or phenyl(1 -4C)alkyl; 

R3iXdrogen, (1-6C)alkyi- phenyld^Oalkyl, (3-6C)cycloalkyl, (3^6C)cycloalkyl(1 -4C)alkyl, phenylor (3-6C) 

Slnd R5 are independently selected from hydrogen and (1 -6C)alkyl; and wherein the phenyl ring at position 
7 and/or one or more of said phenyl or benzene moieties may optionally be unsubstituted or substituted by 
one or more substituents independently selected from halogeno, (l-4C)alkyl. (3-6C)alkenyL (1 -4C)a koxy cy- 
ano, trifluoromethyl, nitro, carboxy, (1 -4C)alkylamino, dialkylamino of up to six carbon atoms, (1 -4C)alkyltnio t 
(1 -4C)alkylsutphinyl, (1 -4C)alkylsulphonyl and (1 -4C)alkylenedioxy. 

6 A compound as claimed in claim 5 wherein: R' is hydrogen, methyl, ethyl, propyl, isopropyl butyl, isobutyl, sec- 
butyl, pentyl or hexyl: R* is methyl; R* is hydrogen, methyl, ethyl, propyl, isopropyl. butyl, .sobutyl or sec-butyl, R* 
and R^are indepentently selected from hydrogen, methyl, ethyl, propyl, isopropyl, butyl, .sobutyl and sec-butyl, 
and wherein the phenyl ring at position 7 and/or one or more of said phenyl or benzene ™ Mm .™^^ 
be unsubstituted or substituted by one or more substituents independently selected from fluoro, chloro. bromo. 
methyl, ethyl, propyl, methoxy, ethoxy or propoxy. 

7. A compound as claimed in claim 1 which is selected from: 

2,3-dimethyl-4-methylimino-7-phenyl-3H,7H-pyrrolo[2,3-d]pyrimidine; 

2!3,5 ( 6-tetramethyl-4-methylimino-7-phenyl-3H ( 7H-pyrrolo-[2.3-d]pyrimidine; 

2,35!6.tetramethyl.4-imino-7-phenyl-3HJH-pyrrolo-[2,3-d]pyrimidine; 

2 ) 3,5,6-tetramethyl-4-n-propylimino-7-phenyl-3H 1 7H-pyrrolo-[2,3-d]pyrimidine; 

2!35!6-tetramethyl-4-ethylimino-7-phenyl-3H,7H-pyrrolo-[2,3-d]pyrimidine; 

2,3!5.6.tetramethyl-4-ri.he>cylimino-7-phenyl-3H.7H-pyrrolo-[2 1 3-d]pyrimidtne; 

3!5!6-trimethyl-4-imino-7-phenyl-3H,7H-pyrrolo-[2 J 3-d]pyrimidine; 

or a pharmaceutically-acceptable salt thereof. 

8. A compound as claimed in any one of the preceding claims which is in the form of a salt selected from chloride, 
bromide, iodide, sulphate, nitrate and trifluoroacetate. 
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A process lor the manufacture of a compound ot formula I, 



^ u Ai „oi q2 r3 r4 and R 5 as well as the optimal subsituents 

that: 

a) a compound of formula II 

in ^ C Mhe phenyl rinoa^^^ 
in which Z is a suitable leaving group; or 

b) a compound of formula IV 




W 



IV 



in wrnui I ii io yi a — i ■ dIMU • 

is a counter ion is reacted with an am.ne of formula ffNH 2 , 



conventional group modifications; 
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acceptable salt thereof, in association with a pharmaceutically-acceptable diluent or carrier. 
11. The use of a compound of formula I: 




(I) 



or a pharmaceuticaily acceptable salt thereof, wherein: 
R 1 is hydrogen, (1-8C)alkyl or phenyi(1 -4C)alkyl; 

R 2 is (1-6C)alkyl, phenyl(1-4C)alkyl, (3-6C)cycloalkyJ, (3-6C)cycloalkyl(l -4C)alkyl or phenyl; 

R 3 is hydrogen, (1-6C)aIkyl, phenyl(1-4C)alkyl, (3-6C)cycloalkyl, (3-6C)cyctoalkyl(1-4C)alkyl, phenyl or (3-6C) 

alkenyl; 

R 4 and R 5 are independently selected from hydrogen and (1 -6C)alkyl; and wherein the phenyl ring at position 
7 and/or one or more of said phenyl or benzene moieties may optionally be unsubstttuted or substituted by 
one or more substituents independently selected from halogeno, (l-4C)alkyl, (3-6C)alkenyl, (1 -4C)aIkoxy, cy- 
ano, trifluoromethyl, nitro, carboxy, (1-4C)alkylamino, dialkylamino of up to six carbon atoms, (1-4C)alkylthio, 
(1-4C)alkylsulphinyl, (1 -4C)aikylsulphonyl and (1-4C)alkylenedioxy; but excluding the compound in which R\ 
R 3 R 4 and R 5 are each methyl, the phenyl ring at position 7 is unsubstituted and R 2 is ethyl, and its pharma- 
ceutically-acceptable salt, in the manufacture of a medicament for treating cardiovascular disorders associated 
with an inappropriately elevated heart rate in warm-blooded mammals. 



Patentanspruche 

1. Verbindung mit der Formel I: 




oder ein pharmazeutisch geeignetes Salz davon, in der: 

R 1 fur Wasserstoff, (1-8C)Alkyl oder Phenyl(1-4C)alkyl steht, 

R 2 fur(1-6C)Alkyl, Phenyt(1-4C)alkyl, (3-6C)Cycloalkyl, (3-6C)Cycloalkyl(1-4C)alkyl oder Phenyl steht, 

R 3 fur Wasserstoff, (1-6C)Alkyl, Phenyl(l-4C)alkyl, (3-6C)-Cycioalkyl, (3-6C)Cycloalkyl(1-4C)alkyl. Phenyl 

oder (3-6C)-Alkenyl steht, 

R 4 und R 5 unabhangig voneinander unter Wasserstoff und (1-6C)-Alkyl ausgewahlt sind : und wobei der Phe- 
nyl-Ring in Position 7 und/oder einer oder mehrere der Phenyl- oder Benzol-Reste gegebenenfatls unsubsti- 
tuiert sind oder mit einem oder mehreren Substituenten substituiert sein konnen, die unabhangig voneinander 
unter Halogen, (1-4C)AlkyI. (3-6C)Alkenyl, (1-4C)Alkoxy, Cyano, Trifluormethyl, Nitro, Carboxy, (1-4C)Alky- 
lamino, Dialkylamino mit bis zu sechs Kohlenstoffatomen, (1 -4C)Alkylthio, (1-4C)Alkylsultlnyl, (1-4C)Alkylsul- 
fonyl und (1-4C)-Alkylendioxy ausgewahlt sind, 
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wobei solche Verbindungen ausgenommen sind, bei denen der Phenyl-Ring in Position 7 unsubstituiert ist und 

(a) R\ R 3 , R 4 und R 5 fur Methyl stehen und R 2 fOr Ethyl steht, 

(b) R 1 fur Wasserstoff steht R 2 und R 3 fur Phenyl stehen und R 4 und R 5 fur Methyl stehen, 

(c) R 1 fur Wasserstoff steht, R 3 , R 4 und R 5 fur Methyl stehen und R 2 fur Phenyl, 3- oder 4-Methylphenyl, 
2,6-Dimethylphenyl, 4-Ethylphenyl, 3-Trifluormethyl t 4-n-Butylphenyl, 2-, 3- oder4-Fluorphenyl oder 2- oder 
4-Chlorphenyl steht, 

und deren pharmazeutisch geeigneten Salze. 

Verbindung nach Anspruch 1 , wobei: 

R 1 fur Wasserstoff, Methyl, Ethyl, Propyl, Isopropyl, Butyl, Isobutyl, sek. -Butyl, Pentyl, Hexyl, Benzyl, 1-Phe- 
nylethyl, oder 2-Phenylethyl steht, 

R 2 fur Methyl, Ethyl, Propyl, Isopropyl, Butyl, Isobutyl, sek. -Butyl, Cyclopropylethyl, Cyclobutyimethyl, Cyclo- 
butylethyl, Cyclopentylmethyi, Cyclopentylethyl, Cyclohexylmethyl. Cyclohexylethyl, Benzyl, 1 -Phenylethyl, 
2-Phenylethyl, Cyclopropyl, Cyclobutyl, Cyclopentyl, Cyclohexyl oder Phenyl steht, 
R 3 fur Wasserstoff, Methyl, Ethyl, Propyl, Isopropyl, Butyl, Isobutyl, sek.-Butyl, Benzyl, 1 -Phenylethyl, 2-Phe- 
nylethyl, Cyclopropyl, Cyclobutyl, Cyclopentyl, Cyclohexyl, Cyclopropylmethyl, Cyclopropylethyl, Cyclobutyi- 
methyl, Cyclobutylethyl, Cyclopentylmethyl, Cyclopentylethyl, Cyclohexylmethyl, Cyclohexylethyl, Allyl, But- 
2-enyl, But-3-enyl, 2-Methyf-2-propenyl, Pentenyl oder Phenyl steht, 

R 4 und R 5 unabhangig voneinander unter Wasserstoff, Methyl, Ethyl, Propyl, Isopropyl Butyl, Isobutyl, und 
sek.-Butyl ausgewahlt sind, 

und wobei der Phenyl-Ring in Position 7 und/oder einer oder mehrere der Phenyl- oder Benzol-Reste gegebenen- 
falls unsubstituiert sind oder mit einem oder mehreren Substituenten substituiert sein konnen, die unabhangig 
voneinander unter Fluor, Chlor, Brom, Methyl, Ethyl, Propyl, Allyi, 2-Methyi-2-propenyl, Methoxy, Ethoxy, Propoxy, 
Cyano, Trifluormethyl, Nitro, Carboxy, Methylamino, Ethylamino, Dimethylamino, Diethylamino, Methylthio, 
Ethylthio, Methylsulfinyl, Ethylsulfinyl, Methyls u If onyi, Ethylsulfonyl, Methylendioxy Isopropylidendioxy ausge- 
wahlt sind. 

Verbindung nach Anspruch 1, wobei: R 1 fur (1-6C)Alkyl oder Benzyl steht, R 2 fur (1-6C)Alkyl, (3-6C)CycloaIkyl 
(1 -4C)-alkyl oder Benzyl steht, R 3 fur (1 -6C)Alkyl steht, R 4 und R 5 unabhangig voneinander unter Wasserstoff und 
(1-4C)Alkyl ausgewahlt sind, wobei der Phenyl-Ring in Position 7 und/oder der Phenyl-Rest der Benzyl-Gruppe 
unsubstituiert sind oder mit einem oder mehreren Substituenten substituiert sind, die unabhangig voneinander 
unter Halogen, (1-4C)Alkyl, (3-6C)Alkenyl, (1-4C)Alkoxy, Cyano, Trifluormethyl, Nitro, Carboxy, (1 -4C)Alkylamino, 
Dialkylamino mit bis zu sechs Kohlenstoffatomen, (1-4C)Alkylthio, (1-4C) Alkylsulfinyl, (1-4C) Alkylsulfonyl und 
"( V-4C) Alky I endioxy ausgewahlt sind. 

Verbindung nach Anspruch 1 oder 2, wobei: R 1 fur Wasserstoff oder (1-6C)Alkyl steht, R 2 fur (1-4C)Alkyl steht, 
R 3 fur Wasserstoff oder (1-4C)Alkyl steht, R 4 und R 5 unabhangig voneinander unter Wasserstoff und (1-4C)Alkyl 
ausgewahlt sind, und wobei der Phenyl-Ring in Position 7 gegebenenfalls unsubstituiert ist oder mit einem oder 
zwei Substituenten substituiert sein kann, die unabhangig voneinander unter Halogen, (1-4C)Alkyt und (1-4C) 
Alkoxy ausgewahlt sind. 

Verbindung mit der Formel I 
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Oder ein pharmazeutisch geeignetes Salz davon, wobei: 

R 1 fur Wasserstoff. (1-8C)Alkyl Oder Phenyl(l-4C)alkyl stehl, 
R2 fur Methyl steht, 

R 3 fur Wasserstoff, (1-6C)Alkyl, Phenyl(1-4C)alkyl, (3-6C)-Cycloalkyl. (3-6C)Cycloalkyl(1-4C)alkyl, Phenyl 
oder (3-6C)-Alkenyl steht. 

R 4 und R 5 unabhangig voneinander unter Wasserstoff und (1-6C)-Alkyl ausgewahlt sind, und 

wobei der Phenyl-Ring in Position 7 und/oder einer oder mehrere der Phenyl- oder Benzol-Reste gegebenenfalls 
unsubstituiert sind oder mil einem oder mehreren Substituenten substituiert sein konnen, die unabhangig vonein- 
ander unter Halogen, (1-4C)Alkyl, (3-6C)Alkenyl, (1-4C)Alkoxy, Cyano, Trifluormethyl, Nitro Carboxy, (1-4C)Alky- 
lamino ; Dialkylamino mit bis zu 6 Kohlenstoffatomen, (1-4C)Alkylthio, (1-4C)Alkylsulfinyl, (1-4C)Alkylsulfonyl und 
(1-4C)AIkytendioxy ausgewahlt sind. 

Verbindung nach Anspruch 5, wobei: R 1 fOr Wasserstoff, Methyl, Ethyl, Propyl, Isopropyl, Butyl, Isobutyl, sek.- 
Butyl, Pentyl oder Hexyl steht, R 2 fur Methyl steht, R 3 fOr Wasserstoff, Methyl, Ethyl, Propyl, Isopropyl, Butyl : 
Isobutyl oder sek. -Butyl steht, R 4 und R 5 unabhangig voneinander unter Wasserstoff, Methyl, Ethyl, Propyl, Iso- 
propyl, Butyl, Isobutyl und sek. -Butyl ausgewahlt sind, und wobei der Phenyl-Ring in Position 7 und/oder einer 
oder mehrere der Phenyl- oder Benzol-Reste gegebenenfalls unsubstituiert sind oder mit einem oder mehreren 
Substituenten substituiert sein konnen, die unabhangig voneinander unter Fluor, Chlor, Brom, Methyl, Ethyl, Propyl, 
Methoxy, Ethoxy oder Propoxy ausgewahlt sind. 

Verbindung nach Anspruch 1 , die unter folgenden ausgewahlt ist: 

2 ! 3-Dimethyl-4*methyIimino-7-phenyl-3H,7H-pyrrolo[2,3-d]-pyrimidin 1 

2,3 l 5,6-Tetramethyl-4-methylimino-7-phenyl-3H,7H-pyrrolo-[2.3-d]-pyrimidin 1 

2,3 1 5,6-Tetramethyl-4-imino-7-phenyl-3H t 7H-pyrrolo-[2 t 3-d]-pyrimidin, 

2,3 1 5 l 6-Tetramethyl-4-n-propylimino-7-phenyl-3H,7H-pyrrolo-[2,3-d]-pyrimidin 1 

2 : 3,5,6-Tetramethyl-4-ethylimino-7-phenyl-3H,7H-pyrrolo-[2 ) 3-d]-pyrimidin ) 

2,3,5,6-Tetramethyl-4-n-hexylimino-7-phenyl-3H,7H-pyrrolo-[2,3-d]-pyrimidin, 

3,5,6-Trimethyl-4-imino-7-phenyl-3H,7H-pyrrolo-[2,3-d]-pyrimidin 1 

oder einem pharmazeutisch geeigneten Salz davon. 

Verbindung nach einem der vortiergehenden Anspruche, die in Form eines unter Chloriden-, Bromiden-, lodiden-, 
Sulfaten-, Nitraten- und Trifluoracetaten ausgewahlten Salzes vorliegt. 

Verfahren zur Herstellung einer Verbindung mil der Formel I: - - 



oder eines pharmazeutisch geeigneten Salzes davon ; wobei R 1 . R 2 , R 3 t R 4 und R 5 sowie die wahlfreien Substi- 
tuenten am Phenyl-Ring in Position 7 jede der in einem der vorhergehenden Anspruche definierten Bedeutungen 
habea daft dadurch gekennzeichnet ist, daft: 

a) eine Verbindung mit der Formel II 
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v 



in welcher der Phenyl-Ring in Posrtion 7 geeignet substttuiert ist, mit einem Alkylierungsmittel mit der Formel 
R2Z, in der Z lOr eine geeignete Austrittsgruppe steht, umgesetzt wird, Oder 

b) eine Verbindung mit der Formel IV 




IV 



in welcher der Phenyl-Ring in Position 7 geeignet substituiert ist und Xf Or eine geeignete Austrittsgruppe steht 
und W ein Gegenion ist. mit einem Amin mit der Formel R>NH a umgesetzt wird. 

Oder durch herkommliche Gruppenmodifikationen erzeugt werden konnen, 

halt. 

11. Verwendung einer Verbindung mit der Formel I: 



(I) 



Oder eines pharmazeutisch geeigneten Salzes davon, in der. 
Ri tor Wasserstoff, (1-8C)Alkyl oder Phenyl(1-4C)alkyl steht, 
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r3 fur Wasserston, p-ou>m*yi, / * u . . flfPh - 

. .. Ar ^iinrlon sind. 



eines 

bei Warmblutem verbunden sind. 



Revendications 

1. Compos6detornnulel 




... ™~— — — — — — - : 

lyUhio en Cl ft C* a>M- '^y'e - C ;f ^ Li- en position 7 est non subsmue et 

(b) Rl represente rhydrogene, e un group9 

pes methyle ; 4 r5 repre sentent des groupes f™"^ 18 V, 4-n-butylphenyle, 



compos* s*M B ww**" ' • dsms ; 
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R2 represents un groupe methyl , ethyle, propyls, isopropyle, butyle. isobutyle, sec.-butyle, cyclopropylethyle, 
cyclobutylmethyle, cyclobutylethyle. cyclopentylmethyle, cyclopentylethyle, cyclohexylmethyle, cyclohexyle- 
thyls, benzyls, 1-phenylethyle, 2-phenylethyle, cyclopropyle, cyclobutyle, cyclopentyle, cyclohexyle ou 
phenyls ; 

R3 represente I'hydrogene, un groupe methyle, Ethyle, propyls, isopropyls, butyle, isobutyle, sec.-butyle, ben- 
zyle, 1-phenyl6thyle, 2-phenylethyls ; cyclopropyls, cyclobutyls, cyclopentyle, cyclohexyle, cyclopropylm ethy- 
ls, cyclopropylethyle, cyclobutylmsthyls, cyclobutyiethyls, cyclopentylmethyle, cyclopentylethyle, cyclohexyl- 
msthyls, cyclohsxylethyle, allyls. but-2-snyls, but-3-enyle, 2-methyl-2-prop6nyl . pentenyle ou phenyls ; 
R 4 et R 5 sont choisis, independamment, entre I'hydrogene, des groupes methyle, ethyle, propyle, isopropyle, 
butyle, isobutyle et sec-butyls ; 

st dans lequei Is noyau phenyle en position 7 et/ou un ou plusieurs des groupements phenyls ou benzeniques 
peuvent etre facultativsment non substitues ou substitues avec un ou plusieurs substituants choisis, indepen- 
damment, entre des substituants fluoro, chloro, bromo, methyle, ethyle, propyls, allyle, 2-m6thyl-2-propenyle, 
methoxy, ethoxy, propoxy, cyano, trifluoromethyle, nitro, carboxy, methylamino, ethylamino, dimethylamino, 
diethylamino, methylthio, ethylthio. methylsulfinyle, ethylsulfinyle, methylsulfonyle. ethylsulfonyle, methyle- 
nedioxy, isopropylidenedioxy. 

Compose suivant la rsvsndication 1, dans Isqusl : R 1 represents un groups alkyle en a C s ou benzyls ; R 2 
rsprssente un groupe alkyle en C, a C 6 , (cycloalkyle en C 3 a C 6 )-(alkyle en C, a C 4 ) ou benzyle ; R 3 represente 
un groups alkyle en a C 6 ; R 4 et R 5 sont choisis, independamment, entre I'hydrogene et un groupe alkyle en 
a C 4 ; et dans lequei le noyau phenyls sn position 7 et/ou le groupemsnt phenyls du groupe benzyle sont non 
substitute ou substitues avec un ou plusieurs substituants choisis, independamment, entre des substituants 
halogeno, alkyle en C, a C 4 . alcenyle en C 3 a C 6 , alkoxy en C, a. C 4 , cyano, trifluoromethyle, nitro, carboxy, 
alkylamino en a C 4 , dialkylamino ayant jusqu'a six atomes de carbons, alkylthio sn C, a C 4 , alkylsulfinyls en 
Ct a C 4 , alkylsulfonyle en C, a C 4 et alkylenedioxy en a C 4 . 

Compose suivant la revsndication 1 ou 2, dans Isquel : R 1 represents I'hydrogene ou un groupe alkyle en & 
C 6 : R 2 repr6sente un groupe alkyle en C n a C 4 ; R 3 represents I'hydrogene ou un groupe alkyle en C-, a C 4 ; R 
et R5 sont choisis, independamment: sntre I'hydrogene et un groupe alkyle en C A a C 4 ; et dans lequei le noyau 
phenyls en position 7 peut etre facultativement non substitue ou substitue avec un ou plusieurs substituants choisis, 
independamment, entre des substituants halogeno, alkyle en a C 4 et alkoxy en Cj a C 4 . 

Compose de formule I 




ou un de ses sels pharmaceutiquement acceptables, formule dans laquelle : 

R 1 represente I'hydrogene, un groupe alkyle en C r a C 8 ou phenyl-(alkyle en a C 4 ) ; 

R 2 represente un groupe methyle ; . 

R 3 represente I'hydrogene, un groupe alkyle sn C, a C 6 , ph6ny!-(alkyle sn C, a C 4 ), cycloalkyle en C 3 a C 6 , 

(cycloalkyle en C 3 a C 6 )-(alkyle en C 1 a C 4 ), phenyle ou alcenyle en C 3 a C 6 ; 

r4 et R5 sont choisis, independamment, entre I'hydrogene et un groupe alkyle en C, a C 6 ; 

et dans Isqusl Is noyau phenyls en position 7 et/ou un ou plusisurs desdits groupements ph6nyle ou benz6- 

niquss psuvsnt etrs facultativsmsnt non substitues ou substitu6s avec un ou plusieurs substituants choisis. 

independamment, entre des substituants halogeno, alkyle en C, a C 4 , alc6nyle en C 3 a C 6 , alkoxy en C, , ft 

C 4 cyano trifluoromethyle, nitro, carboxy, alkylamino en C, a C 4 , dialkylamino ayanl jusqu'a six atomes de 

carbons, alkylthio en C, a C 4 , alkylsulfinyle en C, a C 4 , alkylsulfonyle en C, a C 4 et alkylenedioxy en C, a C 4 . 
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isopropyle, butyle, isobutyle. sec.-butyle, p**b ; * et R* sent choisis, ind^pen- 
un groups methyle, ethyle. propyle, '^^ U, J*J5 lsopropy ,e, butyle, isobutyle et sec.-butyle : 

poxy. 

Compel sufcant la revendication 1 . qui est choisi entre .es composes suivants : 

2,3^.-4-^^^ 

2,3.5.6.t 6 tram«hyl^ 
2,3,5,6-tetramethyl-4Hm.no-7-ph6nyl-3H7Hpy^ 

2 ,3,5.6.tetr a meth y !-4-n-pro P ylim,no-7^ 

2,3,5.6.tetramethyl-4-ethyl.mi^ 

9 15 6-tetramethyl-4-n-hexylimino-7-phenyl-3H.7M-pyrroioi^o uj^y 
ou un de ses sels pharmaceutiquement acceptables. 

' rll ,e, b<«™r.. tali..., «ufau>. nimte M Wtt<on««a». 
I. Proc6d$ pour la production tfon compost de lornuile I. 

Vv 
i. 1 

a) un compost de formula II 

0#r* 



II 



. . i formula IV 



b) un compose de tormule IV 
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a w - 

dans laquelle le noyau phenyle en position 7 est substitue convenablement. X "^™^£Z?. 
antique ou bien peuven. etre engendres par des « n f^ a «S^ n ^^ to , e compose de 



avec une base. 



ceptable. 

11. Utilisation d'un compose de formule I : 




(I) 



ou d'un de see sels pharmaceutiquement acceptables. formule dans laquelle : 

en C 3 a C 6 )-(alkyle en C n a C 4 ) ou Phenyls.. Dn6n vl-(alkyle en C, k C 4 ), cycloalkyle en C 3 a C 6 , 

R3 represente I'hydrogene, un groupe alkyle en C, a C 6 . phenyl (aiKyie en 4i> 
{cvcloaikyle en C 3 a C 6 )-(alkyle en C, a C 4 ), phenyle ou alcenyle en C 3 a C 6 
ii^ontchoW^Udarn^ 

et dans laquelle le noyau phenyle en posifon 7 ettw un ^ 8 ^^^™ 8 , u8 ^ ure suiuants ehoiste. 

independamment, entre des subetltuants halogeno. alky. > e . C, ^^"^^ sb( ^mes de 
C 4 . cyano, trifluoromethyle nrtro .carboy ^^ n ^^^l S 4 et alky'lenedioxy en » 
carbone. alkylthio en C, a <^ - JJSJ yle n C ^^"JJJ^J, cha 4 cun un grouP e methyle. le 
C 4 ; mais a ('exclusion du compose dans Jequel R F l R et h p ^ aceo . 
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